Abstract. Although the chemical extraction of silica from rice husk ash (RHA) is well established; its reactivity in the synthesis of zeolites have not been studied and optimized. Due to the complex nature of silica, the extraction procedure is important in ensuring production of highly reactive silica. This paper reports on the optimization of the extraction procedure and determination of the factors that influence impurities are the factors that influence the reactivity of silica. Pure amorphous silica was obtained with RHA:NaOH ratio of $1.5 and sodium silicate concentration (measured in specific gravity) of 1. 2-1.5. Reactivity rests of the extracted silica via crystallization of zeolite Y in reaction mixtures of various basicity show that pure zeolite Y was formed from the sample containing :0:: 85% Si02 with neutral or slightly basic property. In contrast, crystallization in the presence of silica source that is acidic containing a low percentage of Si02 favours the formation of zeolite P.
INTRODUCTION
. The natural resources are normally volcanic ash and minerals such as metakaolinite; an amorphous silica-aluminate clay. However, the use of these resources in the synthesis of zeolites are rather limited due to the presence of impurities.
In Malaysia, rice husk ash is produced in abundance after every rice harvesting season. Silica is the major constituent of rice husk. Silica ash which is transformed from the husk by complete burning constitutes 15-20% of the total weight of the husk, The silica ash that is produced contains >90% Si02. Because of its nonbiodegradable property, the presence of the silica ash causes a number of problems to the environment. In order to solve these problems, useful applications of the waste product are desirable.
Synthesis of a few types of zeolites from rice husk have been reported (Bajpai, Gokhale At this point, the addition of sulphuric acid was further added into the gel mixture until it became neutraL The resulting silica was washed several times with water, filtered and dried at l10°C. The extraction procedure is illustrated in Figure 1 . All silica samples S1-S7 are amorphous to XRD. However, each of the IR spectra of samples 83 and 86 exhibits a significant band at wavenumber 618 cm-1 which corresponds to a crystalline silica phase namely cristobalite. The silica yield and some physical properties of samples Sl-87 are given in Table 3 . The results indicate that for the same amount of RHA used, the yield of product strongly depends on the amount of NaOH as demonstrated in samples 82 and 83. NaOH increases the dissolution of silica from RHA into the sodium silicate solution. Consequently, more silica was precipitated from such solution. The lowest yield of silica product was in sample 83 which was extracted in comparatively the lowest amount of NaOH. Sulphuric acid is the precipitating agent of silica. The concentration of HzS0 4 in general determines the ease of precipitation without appreciable influence on the yield of the silica produced. However, the quality of the resulting amorphous silica greatly depends on the technique of precipitation. The addition of acid to the sodium silicate solution encountered a problem once the precipitat~like gel started to form as the pH of the mixture approached 10.5. At this point, the mixture had to be mixed thoroughly in order to avoid the acculumation of low pH areas in the mixture which favours the formation of silica particle aggregates, Chen and Yeoh [5] . In the presence of such aggregates, it was difficult to achieve the neutralization point due to the pH gradient created in the unhomogeneous mixture. Failure to control the formation of silica aggregates caused overshooting of the neutralization point as observed in sample S3 where the final pH of the mixtures was 3.5 making it acidic.
An important parameter in producing silica with high yield is the concentration of the resulting sodium silicate solution prior to the precipitation of silica. Sample S1-S5 and S7, precipitated from sodium silicate solutions of higher concentrations contain more than 85% silica. In order to optimize the extraction parameters, the NaOH:SiOz ratios and HzS04 used in the neutralization were varied while keeping the amount of water constant. Sodium aluminate solution was prepared by dissolution of NaOH, Al(OH)a and water with heating. In a separate container, each of the silica samples S1-S7 was mixed with water and stirred until a homogeneous mixture were formed. The aluminate solution was slowly added to the silica with stirring. The gel mixture was then homogenized for half an hour. The reaction mixture was aged for 24h in a teflon bottle at room temperature followed by heating in an air oven at 90°C for 6 days without stirring. The resulting powder obtained after crystallization was filetered, washed until the pH of the filtrate was less than 10 and characterized.
RESULTS AND DISCUSSION
RHA sample obtained from Bagan Serai was a white-pinkish powder. Elemental analysis on the RHA indicates that it consists of> 95% Si02. Other compounds present in trace amount are CaO, MgO, K20 and Al203. This result is in complete agreement with other reported work, Chen and Yeoh [5] .
X-ray diffractogram of RHA is shown in Figure 2 obtained from XRD studies. TheIR spectrum of the silica sample Sl is also similar to that of tridymite but it exhibits an additional band at 962 cm-1; which is assigned to SiOH groups, typical of the silica gel phase, Willis, der Mas & Miller [8] . Table 2 represents the surface properties of RHA and Sl. The % loss of ignition (LOI)
value increases markedly in sample Sl due to the loss of silanol groups; found in abundance in Sl , as water at 1000°C. Such loss naturally affects the silica content of sample Sl.
However, the surface area of sample Sl was greatly enhanced compared to RHA as a direct consequences of Sl being amorphous. Figure 4 shows the XRD patterns of the zeolites synthesised using silica samples Sl-S7 using composition A and B, respectively.
The peaks were assigned according to the reference 8. Generally, the XRD data indicate that the samples are mainly zeolite Y with different degree of purity. Table 4 represents the purity and crystallinity of zeolite Y formed from the silica sources Sl-S7. The results show that by using both composition mixtures, silica samples Sl , S4 and S5 produced pure zeolite Y, whereas silica samples S2, S3 and S6 produced a mixture of zeolite Y and P. The successful formation of zeolite Y from silica Sl-S7 (except S3) indicate that cry& tallization of zeolite Y favours neutral or slightly basic environment (Table 3 and . Samples S2, S6 and S7 also produced zeolite P in f addition to zeolite Y which suggest that these silica samples might contain isolated aggres gates of acidic silica powder. Pure and highly crystalline zeolite Y was produced from the t reaction mixture A; with a lower alkalinity than mixture B as shown in Table 4 . H I) Table 4 Synthesis of zeolite Y from the silica extracted from It suggests that the silica from rice husk requires less Na 2 0 for the formation of zeolite Y. Similar behaviour has been reported by Bajpai [10] in the synthesis of modernite. Such behaviour is possible due to the presence of various types of silicate anions which originated from the various silicate structures. the formation of a higher percentage of zeolite P from composition B suggests that faster nucleation has occurred, resulting from the short induction period. Since zeolite Y is metastable, (Barrer [11] , Breck [12] ) some of the crystallites were transformed to zeolite P as observed in the product which was crystallized for a period of 14 days. Crystallization of pure zeolite Y using the silica from RHA favours temperature of lower than 100g°C, less Na20 or greater Si02 content in the initial mixture. The different behaviour shown between the silica of RHA and the commercial silica is attributed again to the form of silicate aniouns in the initial mixture. According to the proposed mechanism of zeolite formation, Barrer [11], the crystallization of zeolite starts from the liquid phase of the aluminosilica gel. The solubilities of the silica forming the liquid phase that leads to the crystallization of zeolite Y depends on the silica source. In both cases, the different solubilities of the silicate anions and the resulting interaction with the aluminate anions presence in the solution contributes to the different behaviour of both types of silica. silica extracted from RHA is reactive towards the synthesis of pure zeolite Y. In conclusion, t he study has shown that the extracted silica from RHA is active when it is completely amorphous, has high surface area and slightly basic. The presence of acidic silica favours the formation of zeolite P. Extraction of silica by physical means has been carried out and comparative study on its reactivity with that obtained in this study will be reported elsewhere.
